Abstract-Due to the dynamic nature of wireless mobile ad hoc networks (MANETs), clustering is recognized as a promising solution for enhancing the scalability of MANETs against frequent topology changes. Numerous techniques have been proposed to achieve resistant-to-mobility and energy conservation of the network. Most of the existing clustering algorithms assume an ideal network environment with no signal strength attenuation. Therefore, these works fail to scale well in realistic MANETs. In this paper, we present a novel weighted clustering approach in which using received signal strength as an important clustering criterion. By modeling signal attenuation scenarios, the proposed algorithm parameterizes clustering criteria to estimate the quality value of a mobile node. A mobile node with maximum quality value has high probability to play as a clusterhead. Furthermore, we offer an efficient event driven mechanism to handle the dynamic topology of network. We compare the results of SECA with two other well-known clustering approaches; MCFA and GDMAC by using different performance metrics. Simulation results show that SECA is an efficient approach for clustering in realistic network environments and has a good performance in comparison with the other two approaches.
I. INTRODUCTION
A mobile ad hoc network (MANET) is a self-adapting multi-hop communication network in which no centralized control exists. It supports a collection of mobile nodes which can possibly move freely. Since a mobile ad hoc network (MANET) can be deployed rapidly, it can be effectively used in battlefield communication, disaster recovery and other emerging applications. Due to limited resources (computation speed, storage, battery, communication bandwidth, etc) of dynamic mobile nodes, the network performance is significantly degraded as the size of mobile nodes grows in MANETs. In spite of these constraints, to adapt dynamic topology of ad hoc networks, the changing of network configurations is required. Network clustering is one of the most efficient solutions. Grouping nodes into clusters [1] has been widely pursued by researchers in order to achieve the network scalability. In a clustered network, a node that coordinates the cluster activities is clusterhead (CH). Inside the cluster, there are ordinary nodes that assume the role of cluster member (that can directly communicate with the CH), and gateway nodes. Gateway nodes act as bridge between different clusters.
CHs are responsible for the formation of clusters, maintenance of the network topology and control the communications in intra-clusters and inter-clusters. The CHs are continuously reelected due to the dynamic nature of mobile nodes. This case is called reclustering. Since reclustering procedure consumes too much scarce energy resources in MANET, many proposed clustering algorithms focused on node mobility and power consumption [2] [3] [4] [5] 15, 16] , they aim to form the clusters with the maximum stability to minimizing the load of reclustering during the network lifetime. But an optimal CH selection proved to be NP-hard problem. These works recognized the significance of selecting the most suitable nodes as CHs and chose CHs with their specific parameters of CH suitability. All clustering algorithms proposed so far have a common shortcoming, which is they assume an ideal free space model network environment. In real mobile ad hoc networks, no such assumption can be made. In fact, signal attenuation exists in many network circumstances and some of them may lead to serious signal strength decline. This cannot be ignored because the signal strength is directly related to the reliability and quality of communication in mobile ad hoc networks. For instance, in the disaster rescue application scenario, a rescuer may concentrate on searching in a specific area where the environment or terrain cannot be modeled as free space. The received signal decreased significantly because the radio wave weakens greatly by the surrounding mediums such as rocks, walls and metal. According to the Chinese Government investigation report, the communication signal of rescue group is very weak in the complex mountainous terrain in the well-known SiChuan earthquake 2008. Even though rescuers were close to each other by their geographical positions.
In this paper, we propose a simple and efficient signal attenuation-aware weighted clustering technique for cluster formation and maintenance. The main idea in our technique is using the received signal strength of nodes as an important clustering criterion. By combining with other clustering criteria (mobility, connectivity, residual energy of node), we proposed a distributed clustering algorithm. In our technique, we conducted the quality value of nodes for selecting the cluster-heads. A high quality value for a node indicates relatively high probability for one to play as a CH role. The major advantages of the proposed technique are event driven for cluster maintenance and energy conservation for the network. For estimating the ratio of signal attenuation of a MH, we make the realistic assumption for the circumstance of MANET. We have carried out simulation to evaluate the performance of our technique with two others, namely MCFA [6] and GDMAC [7] . The experimental results show that the proposed algorithm has a good performance in terms of the number of clusters, cluster duration and energy consumption of CHs.
The rest of the paper is organized as follows. In the next section, a brief review of the clustering algorithms is first described. In Sect.3, an efficient signal attenuation-aware clustering algorithm is proposed for wireless mobile ad-hoc networks. In Sect.4, the performance of the proposed algorithm is evaluated through simulation experiments, and Sect.5 concludes the paper.
II. RELATED WORK
Gerla and Tsai [8] proposed another priority-based clustering technique called HD in which the priority of each host is defined as its degree. The degree of a host is defined as the number of its one-hop neighbors. In this algorithm, the host with the highest degree (priority) among all its adjacent hosts is selected as CH. Baker and Ephremides [9] proposed the lowest-ID, known as identifier-based clustering algorithm. It assigns a unique ID to each node and chooses the node with the lowest ID as a cluster-head. It means that whenever a new node with a lowest ID appears, it will become the cluster-head. Similar to [9] , Basagni [10] proposed to use nodes' weights instead of lowest ID or node degrees in CH decisions. Weight is defined by mobility related parameters, such as speed. Basagni further generalized the scheme by allowing each CH to have at most k neighboring CHs and described an algorithm for finding a maximal weighted independent set in wireless networks. Chatterjee et al. [11] proposed the weighted clustering algorithm. It elects cluster-heads according to their weights. The weights are computed by combining a set of parameters such as battery power, mobility and transmission range.
In the literature [12] [13] [14] 17, 18] , works used node ID, connectivity, residual battery energy, speed and direction of mobility, trust information of links, et al. as clustering criteria to select an appropriate node as the CH. However the situations of signal strength attenuation regions of geographical area haven't been considered yet, which is ubiquitous in the real application context.
III. THE PROPOSED SIGNAL EFFICIENT CLUSTERING ALGORITHM
From the discussion in the previous section, we conclude that the existing approaches do not work well in practical network environments. In this section, a signal attenuation-aware weighted clustering approach called Signal Efficient Clustering Algorithm (SECA) is proposed. In the cluster formation of SECA, the received signal strength of each mobile node with respect to all its neighbors is parameterized as one of the clustering criteria to find most stable clusters. In the cluster maintenance, the reclustering operation is on-demand. The proposed approach offers an efficient event driven mechanism to reduce the overhead of the network topology changes. To descript our approach in detail, we first list the following assumptions for the network.
-All nodes periodically broadcast a HELLO message within its transmission range to 1-hop direct neighbors in order to inform that "I am alive, this is my status".
-An effective routing protocol such as AODV is working.
-Every node has common resources, such as battery energy, computational and communication capacity, storage and equipped GPS (Global Positioning System) to obtain the geographical location.
-We use a hexagon to model a geographical region. Each region has the same radius. We assume the signal attenuation ratio follows the uniform distribution in the signal attenuation region. We do not consider the differences among different positions and directions in the signal attenuation region.
A. Clustering criteria of SECA
By given the network model above, we focus on selecting most suitable nodes as CHs of our network model of MANETs. The idea of SECA is to find nodes as CHs to ensure the communication quality and stabilize the topology of the network as much as possible. In our approach, we consider the situation of signal attenuation in the real application scenarios, and propose to use signal strength as an important clustering criterion. In SECA, we choose the most significant criteria to elect the CH, a CH should be low mobility, more neighbors (ie. Connectivity), high residual battery energy and high signal strength. In the following, we descript the main objectives of the chosen criteria. 1) Mobility: Mobility is the direct reason which leads to the dynamic topology of MANET. The node that selected as a CH should be static or quasi-stationary; otherwise the cluster may easily be broken and trigger re-clustering. Moreover, when a node moves quickly, it can suffer from signal attenuation with high probability (moves into the signal attenuation region), as the stability of node's signal strength depends on the mobility. 2) Connectivity: The efficiency of clustering algorithm depends on the ratio of the number of clusters. To reduce the number of CH, we favor a node as the CH if it can hear more neighbors. 3) Residual battery energy: Usually, recharging for the mobile node is not practical in application scenarios in the MANET. In order to increase the lifespan of the cluster head and to avoid frequent topology changes, The node chosen as the CH should be with a high amount of residual battery energy. 4) Signal strength: To reduce the re-clustering rate and improve the stability and reliability of the transmission path, we use signal strength as the key criterion in SECA. The CH with strong signal strength possibly reduces bandwidth usage and packet broadcast overhead, and ensures that the CH cannot be easily replaced after the topology changes because mobility characteristics are detected. Furthermore, it will take less energy for CH to communicate with the neighbors if the received signal strength of neighbors is strong (the neighbors are closed to the CH if there is no signal attenuation). To use the signal strength value received by nodes as a clustering criterion, we define signal strength threshold In sensor network, for example, the nodes are static or quasi-stationary but both the computational power and battery energy are limit, thus the weight of mobility and residual battery energy may be configured smaller and larger, respectively.
In SECA, each node broadcasts a HELLO message to announce its "I am alive" status every Tp unit time periodically.
HELLO message contains the following fields: N_ID i : the identity of node i. CH_ID i : the identity of CH which node i belongs to. If node i hasn't decide its CH node, parameter NULL is set to CH_ID i field.
cord_N i : the geographical coordinates of node i. qv i : the quality value of node i. The nodes broadcast its qvs to their neighbors in order to compare the better among them. After this, the node that has the best quality is chosen as a cluster head.
B. Cluster Formation
The clustering of SECA is conducted through two main procedures. The first procedure consists in the election of the CH and the second procedure consists in the formation of cluster and its members.
Stage 1: Election of the CH
Step 1: Calculate the connectivity degree of every node. For node i , the number of neighbors of node i defines its connectivity degree ( , ) i T cd (the number of HELLO messages from different nodes that node i can hear, notice that even a node within its transmission range, it may be not a neighbor because it is in the signal attenuation region).
Step 2: Update the average speed for every node till current time T . For node i at time T , the measure of mobility is denoted as:
(1) where t ∆ is the time interval of broadcasting HELLO message, ( , )
T T x y and ( , )
are the coordinates of the node i at time T and T t − ∆ , respectively.
Step 3: Calculate the residual energy level of each node. The energy is evaluated periodically in order to allow the adaptation to the future state of the network. For node i at time T , the consumed energy during time interval t ∆ is defined as:
Thus, the residual energy of node i can be expressed as:
Step 4: Calculate the ratio of SL for each node. The link quality of nodes is evaluated periodically through the ratio of SL. For node i at time T , the ratio of SL is defined as:
where ( , ) i j e is a direct wireless link between node i and j at time T . We define if
1 i j e = ; and if
Step 5: Compute the quality value of the node. We use the method in literature [12] to compute the ratio normalized to 1 for 
For node i at time T , the quality value i qv is defined as: w . In the disaster rescue, the terrain is often complex and the mobile nodes are quasi-static. We can set higher weight on SL w and relatively lower weight on M w in these application scenarios.
Step 6: Every node that has the greatest qvs among its neighbors declares itself a CH. If its qv equals to one of its neighbor, the node with lowest N_ID wins the election.
Stage 2: Construct the cluster structure. Once a node declares itself a CH, it puts its N_ID in the CH_ID field of the HELLO message. All the neighbors of CH receive the HELLO messages which CH_ID field is not NULL and equals to its N_ID, they choose the lower CH_ID as their CH identity. Thus, they set CH_ID field of their HELLO messages with their CH's N_ID.
C. Cluster Maintenance
Due to the dynamic topology of the MANETs, the nodes tend to move in different directions and at different velocity. Consequently, the structure of clusters probably has to be rebuilt when some particular situations happen. In our scheme, due to the existence of signal attenuation area, the influence of the mobility becomes much greater. For example, when a node acquires new neighbors or looses some old ones, it may give up its role if it is a CH; or it may claim itself CH because there is no CH within its transmission range.
1) Event driven reclustering Most clustering algorithms update their topology of the network periodically. To improve the stability of cluster structure, SECA is event driven for reclustering. We rebuild the cluster topology when two cases appear:
 Cluster member cannot access any CH. Two situations can lead to this case, one is the failure of its original CH; the other one is the distance between cluster member and its original CH is no longer within its transmission range due to the nodes' mobility. When cluster member no longer receive any HELLO messages from CH, it realizes the two situations above may happens. Then the cluster member claim itself a CH that forms a single node cluster.  The modification of the qvs. The qvs of nodes evolve over time. Due to the nodes' mobility, the connectivity degree, speed and signal strength changes continuously, and the CHs' battery consume rate is higher than the cluster members. When a CH realizes that one of its neighbors has a greater qv, we introduce the threshold parameter q d to avoid global reclustering. The parameter q d is the difference of qvs between CH and its largest qv cluster member. This determines the threshold for CH to trigger reclustering. If the difference of qvs between CH and its largest qv cluster member is greater than q d , then CH sets the CH_ID field of the HELLO message to NULL. After receiving these updated HELLO message from CH, cluster members realize a new CH needs to be elected. Cluster members also set the CH_ID field of the HELLO message to NULL and launch SECA to rebuild the cluster structure. 2) Handling network events  Joining and reconnecting the network When a new MH joins the network for the first time or an old one cannot be heard for its CH for a latency time T l . The network realizes the topology is changed through the NULL value of CH_ID field of new adding node's HELLO message.
If the new joining/reconnecting node receives no HELLO message from CHs for T l . It triggers reclustering locally. Due to the change of topology, all its one-hop neighbors update their qvs, but they do not participate the reclustering if they have their own CHs. In other words, if all its one-hop neighbors have their own CHs, the new joining/reconnecting node launches cluster formation algorithm and forms a single-node cluster.
If the new joining/reconnecting node receives one or more HELLO messages from CHs, it chooses the message with maximum qv as its CH. Then it set the CH_ID field of its HELLO message to the CH's ID. Note that after updating the intra-cluster qvs, the intra-cluster reclustering will be invoked only if the parameter q d is satisfied.
 Leaving and disconnecting the network When a node decides to leave or be disconnected from the network, all its neighbors will know after the latency time T l . They update their neighbor list and recalculate the qvs, then update their HELLO messages depending on the following two different cases.
The leaving/disconnecting node is cluster member: This case can be determined if the CH_ID field is not equal to its own ID. As the intra-cluster topology changed, the qvs must be recalculated. Generally, this case will invoke no reclustering operation only if the parameter q d is satisfied.
The leaving/disconnecting node is CH: This case can be determined if the CH_ID field is equal to its own ID and leads to failure of intra-cluster topology. All its one-hop neighbors set NULL to their CH_ID field of message. Thus they are treated as new joining/reconnecting nodes and reclustering is triggered locally.. The operation will deal with the nodes which can receive one or more HELLO message from other CHs, then launches cluster formation algorithm for the rest nodes.
D. An Illustrative Example
We illustrate SECA scheme with figures 1-3. In our example, we apply SECA to a simple MANET composed of a set of nodes which are depicted in Fig.1 . Fig.1 demonstrates the initial configuration (unified transmission range and predefined individual node ids) of the nodes in the MANET. A node could receive the HELLO message from other nodes only if they are within its transmission range (dotted circle). We define signal attenuation areas which are marked grey in the hexagonal network. There are two hexagon regions which are representing signal attenuation areas in our example. Fig.2 shows that node 4 and node 5 are affected by signal attenuation effect because they are inside the signal attenuation area. By the configuration of the initial network, we assume all the parameters such as transmission range, signal attenuation value, initial velocity and battery energy level of nodes have been defined. In figure. 3, the edge between two nodes shows they are neighbors of each other, different type of edges are decided according to signal strength threshold SS δ and solid line and dotted line illustrate the SL and WL relation, respectively. Thus, suppose we have already computed the qvs for every node in the network by executing SECA. In Fig.3 , node 3 and 8 declared CHs because they have greatest qv among their neighbors. According to the protocol of our scheme, node 3 and 8 put their identities in the CH field of its HELLO message. Node 1, 2, 4 and 5 receive the beacon message from node 3, they set their CH field to 3 (identity of node 3) and then they join cluster 1 which leaded by node 3. In the same argument, after node 6 and 7 receive the beacon message from node 8, they set their CH field to 8, and then node 8, 6 and 7 forms the cluster 2.
E. Correctness proof
SECA is completely distributed. To show the correctness and efficiency of the algorithm, we conclude the following results.
Lemma1: At the end of stage 2, every node can determine its CH and only one CH.
Proof: once a node receives HELLO messages from its neighbors, its CH_ID is decided. When it joins a cluster, it becomes either a CH or a cluster member and will not participate clustering before algorithm stops. Hence, every node can determine its CH and only one CH.
Lemma 2: Any two intra-cluster nodes are at most two hops away.
Proof: From our algorithm, all the cluster member nodes must be one hop away from CH. So any two intra-cluster nodes can reach each other at most two hops through CH.
Theorem 1: Eventually SECA terminates. Proof: From Lemma 1, every node in the network will eventually belong to a cluster. Thus, the algorithm will terminate.
Theorem 2: Each node can determine its CH through only HELLO message.
Proof: At the beginning, the topology of network needs to be built through nodes' HELLO messages. Once the topology is determined, the quality value is calculated from our algorithm. When HELLO message is updated, each node can determine its CH from Lemma 1.
IV. PERFORMANCE EVALUATION
Proposed SECA has been simulated in various network scenarios to assess the performance and effectiveness. We first state the simulation environment for our scheme.
We implemented our clustering scheme within the network simulation platform NS2. A MANET is generated in an operational area of 1000 1000 × meters. It consists of a set of mobile nodes that are placed randomly and uniformly within the area. The routing protocol is AODV. The nodes could move in all possible directions and the mobility speed ranges from 0 to 20 per unit time. The whole MANET area is divided into equal-sized hexagons based on the attenuation region model. We define attenuation parameters ( , ) α ∆ , where α is the percentage of the number of attenuation regions in the operational area, ∆ is the ratio of attenuation degree in each region (in our simulation, we assume the attenuation ratio of every region are equal). We consider ( , ) α ∆ in different scenarios of the attenuation region in out simulation model.
-Low attenuation that corresponds to ( , ) (0.05, 0.1)
To measure the performance of the proposed SECA scheme, its results are compared with those of GDMAC (a mobility-based clustering algorithm proposed by Ghosh and Basagni [7] ) and MCFA (a weighted clustering algorithm proposed by Basu et al. [6] ). In conducted experiments, the efficiency of the proposed scheme is compared with the above two algorithms in terms of the following metrics.
-Average number of clusters. This metric is defined as the number of partitions into which the entire network is divided. This metric is inversely proportional to the cluster size. As the cluster size increases, the load on the cluster-head becomes considerable.
-Cluster duration. The time interval during which a given host assumes the role of a cluster-head in the cluster is defined as the cluster duration. This metric represents the resistance of the clustering algorithm against the host mobility and network dynamics.
-Energy consumption. This metric is defined as the average ratio of consumed energy of the cluster-heads. The energy consumption is affected by the received signal strength, cluster size and cluster lifetime.
A. Number of clusters
In this set of simulation experiments, the size of network varied from 20 to 200 mobile nodes with increment step of 20, and the nodes traveled randomly in all possible directions through the simulation area. At every time unit, the nodes move a distance that is uniformly distributed between 0 and 20. The radio transmission range was set to 150m. Due to the importance of keeping the signal strength of CH as high as possible, the weighing factor E w and SL w were chosen higher. The weighing factors used for simulation were 0. We conducted the mean results over the 100 simulation runs in medium attenuation scenario.
From the results shown in Fig.4(a) , it is clearly that in all algorithms the average number of clusters increases as the size of network goes up and GDMAC [7] algorithm has the worst result. The results also show that the number of clusters constructed by proposed SECA is about 8% larger than that of MCFA [6] . The reason is that MCFA did not consider the impact of signal attenuation although SECA aims at minimizing the number of clusters as same as MCFA does. The experiments were repeated where the radio transmission range was set to 250m. Fig. 4(b) shows the obtained results. The average number of clusters decreases significantly because the CH can dominate more nodes of cluster member with a larger broadcasting area (relatively higher transmission range). Therefore, the entire network can be partitioned by a smaller number of CHs and hence clusters.
B. Cluster duration
To study the stability of the clustering structure derived from proposed algorithm. The metric of cluster duration was defined as the time interval during which a given node plays the role of CH in the cluster. We assessed the cluster duration with increasing node mobility. For these experiments, we used 100 hosts and ran each simulation with the same parameters for 100 runs. The cluster duration for a single simulation run was the average time interval over all the CHs. Then we conducted the mean results over the 100 simulation runs. Fig . 5(a) shows that SECA performs much better than the other algorithms in the face of varying maximum speed of node. In our algorithm, the event driven mechanism reduced the reclustering operation significantly. As a result, cluster duration is prolonged by 25% compared to MCFA and about 260% compared to GDMAC.
Thus, SECA ensures much more stable cluster structure. The obtained results with larger transmission range are shown in Fig.5(b) . Topology of network is denser and the adjacency relations of nodes change less frequently. The CH naturally serves more time before a necessary reclustering event.
C. Energy consumption
In this set of simulation experiments, we assume that the energy required to transmit messages is proportional to the twice power of the distance between two nodes (the free space model) and the signal attenuation ratio in our network model [5] . We use average signal strength attenuation ratio as performance measures for energy consumption of CH. The signal strength attenuation ratio of CH is defined as the sum of all the neighbors' (members within the cluster) normalized received signal strength attenuation in a snapshot. Thus, the consumed energy for CH is calculated as follow:
where i is the ID of CH, j is the th j member node of
denotes the Euclidean distance between node i and j at time t , () norm denotes the normalization function, ∆ denotes the signal attenuation ratio. k is the power-consume-rate ratio and T denotes the simulation time.
The transmission range of node varied from 300 to 100 with decrement step of 20 and the size of network was set to 100 mobile nodes. The side length of hexagon was set to 20m. We run our program for T=100 time units 6 shows that when transmission range decreases the energy consumption of CH also declines. This is because a larger radio transmission range leads to a larger number of cluster members handled by a CH. Furthermore, there are more nodes of cluster members more seriously affected by the signal attenuation region if ( , ) α ∆ is high. 7 shows the energy consumed by CHs in the case of GDMAC, MCFA and SECA when size of network equal to 100 and transmission range varies from 300 to 100 for the three attenuation scenarios. From the results, we can easily say that SECA performs better than the other two algorithms. In fact, if operational area is affected by more serious attenuation, SECA performs more efficiently than the others.
V. CONCLUSION
In this paper, we proposed a weighted signal attenuation-aware clustering algorithm called SECA for MANETs. Our clustering algorithm works with resilience to signal attenuation of node and renders energy efficiency meanwhile. Our algorithm convergences correctly and quickly, the analyses prove it generates non-overlapping clusters efficiently and the experiment results show that SECA has a good performance compared to the other algorithms from the literatures. Our approach is applicable to realistic MANET application scenarios. With its generality, it can be utilized naturally into the public emergency/military communication application.
